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DESCRIPTION 



GAS SEAL STRUCTURE 



[Technical Field] 



The present invention relate?; to a seal structure for inhibiting leakage of highly 
permeable and high-pressure gases such as a hydrogen gas and a helium gas. 



[Background Art] 

Rubber O-rings that are able to produce high seal ability are used to inhibit 
leakage of a high-pressure gas, the pressure of which varies less, i.e., is held substantially 
constant. As the O-rings, O-rings according to "B 2401" of Japanese Industrial 
Standard (JIS) may be used. 

Resin seal members are used to inhibit leakage of a gas, the pressure of which 
varies frequently in a great range between a high pressure and a low pressure. 

Although the O-rings advantageously produce high seal ability for the gas with 
less pressure variation, tbey may generate a blistering phenomenon if they are used to 
inhibit leakage of the gas with the above mentioned pressure variation, and are therefore 
unable to be used to inhibit leakage of the gas with the pressure variation. The 
blistering phenomenon is such that, when a rubber member is exposed to a high -pressure 
gas, the high-pressure gas permeates the rubber member and is held therein, and the held 
high-pressure gas rapidly expands and is about to exit to outside when the pressure of the 
surrounding gas decreases rapidly, leading to minute bubbles in the interior of the rubber 
member. Likewise, the blistering phenomenon occurs in the O-rings. Upon 
occurrence of the blistering phenomenon, the O-rings lose their seal ability. 

In the case of the gases with small molecular weight and high permeability, such 
as the hydrogen gas and the helium gas, the O-rings tend to increase the amount of 
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permeating gas as the gas pressure increases. Therefore, the O-rings arc unable to 
achieve high seal ability for the highly permeable gases when they are used alone. 

The resin seal members aie used to inhibit leakage of the gas with pressure 
variation because it does not generate the blistering phenomenon and has low gas 
permeability. However, the resin seal members arc less flexible than the rubber O-rings 
and are unable to achieve seal ability as high as that of the rubber O-rings. In addition, 
the resin seal members are unable to be cteformed in response to the rapid pressure 
variation, and are thus unable to achieve a high seal ability. Especially when the gas 
pressure turns from a high pressure to a low pressure, the gas tends to leak. 

A seal structure that is suitably used to inhibit leakage of the gas, the pressure of 
which tends to vary gTeatly and to become a high pressure, has not been created yet. 

[Disclosure of the Invention] 

An object of the present invention is to provide a seal structure that has a simple 
structure and is suitably used to inhibit leakage of a gas, the pressure of which varies 
greatly and becomes a high pressure. 

According to the present invention, a gas seal structure comprises a main seal 
means that is made of rubber and is disposed between two seal surfaces; a sub-seal 
means that is made of resin and is disposed between the two seal surfaces, the sub-seal 
means being located closer to a higher-pressure side region than the main seal means and 
being provided with a concave groove; and a pressure variation reducing means that is 
disposed between the main seal means and the sub-seal means and has a variation 
reducing space connected to a gap formed between the two seal surfaces. 

In accordance with the present invention, the resin sub-seal means is disposed at 
a position closer to the higher-pressure side region than he rubber main seal means* The 
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sub-seal means is able to inhibit a rapid change in the pressure of the gas surrounding the 
main seal means which may result from a pressure variation in the gas on the 
higher-pressure side. Further, the pressure variation reducing means is disposed 
between the main seal means and the sub-seal means. If the gas leaks through the 
sub-seal means or the sub-sea) means responds with a delay with respect to the pressure 
variation in the gas on the higher-pressure side, the varied pressure of the gas on the 
higher-pressure side is not directly transmitted to the main seal means but the pressure 
with variation reduced by the pressure variation reducing means is transmitted to the 
main seal means. The seal structure is able to surely inhibit rapid change in the pressure 
of the gas surrounding the main seal means. The seal structure is able to have a high 
seal ability using the rubber main seal means with a high seal ability, and to inhibit 
occurrence of the blistering phenomenon in the main seal means because of an influence 
of the pressure variation of the gas on the higher-pressure side in the large variation 
range between a high pressure and a low pressure. So, the seal structure of the present 
invention can be suitably used to inhibit leakage of the gas, the pressure of which varies 
greatly and becomes a high-pressure. The seal structure is achieved by a simple 
structure including the main seal means, the sub-seal means, and the pressure variation 
reducing means. 

The sub-seal means may be disposed such that the concave groove opens toward 
the higher-pTessurc side region. In accordance with the present invention, the sub-seal 
means is disposed such that the concave groove opens toward the higher-pressure side 
region to be able to seal the gap formed between the two seal surfaces. Since the 
sub-seal means is able to thus seal the gap, the pressure of the gas surrounding the main 
seal means can be controlled to a low-pressure. Even when the resin sub-seal means is 
unable to seal the gap completely and causes slight leakage of the gas, the pressure 
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variation reducing means is able to control the pressure of the gas surrounding the main 
seal means to a low pressure. In this manner, the pressure of the gas surrounding the 
main seal means can be controlled not to rapidly change and to be the low pressure, 
irrespective of the pressure variation in the gas on the higher-pressure side. Thus, even 
when the gas on the higher- pressure side varies in a large variation range between a high 
pressure and a low pressure, it is possible to inhibit occurrence of the blistering 
phenomenon in the main seal means. As a result, a high seal ability is obtained. In 
addition, since the pressure of the gas surrounding the main seal means is controlled to 
be a low pressure, it is possible to inhibit the gas from permeating the main seal means. 
As a result, a higher seal ability is surely obtained. 

The sub-seal means may be disposed such that the concave groove opens toward 
a lower-pressure side region. In accordance with the present invention, the sub-seal 
means is disposed such that the concave groove opens toward the lower-pressure side 
region to be able to seal the gap formed between the two seal surfaces when the pressure 
of the gas on the higher-pressure side turns from a high pressure to a low pressure. This 
makes it possible to inhibit rapid decrease in the pressure of the gas surrounding the main 
seal means from the high pressure to the low pressure. Also, the pressure variation 
reducing means is able to gradually decrease the pressure of the gas surrounding the 
main seal means. In this manner, rapid change in the pressure of the gas surrounding 
the main seal means can be inhibited. Thus, even when the pressure of the gas on the 
higher-pressure side varies in a large variation range between a high pressure and a low 
pressure, it is possible to inhibit occurrence of the blistering phenomenon in the main 
seal means. As a result, a high seal ability is maintained. 



[Brief Description of the Drawings] 
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Fig. 1 is a cross-sectional view of a gas seal structure according to a first 
embodiment of the present invention, showing a state in which a space on a 
higher-pressure side is in a high-pressure condition; 

Fig. 2 is a cross-sectional view of the gas seal structure of Fig. 1, showing a state 
in which the space on the higher-pressure side is in a low-pressure condition; 

Fig. 3 is a cross-sectional view showing a valve device provided wjtb the gas 
Seal structure of Fig. 1; 

Fig. 4 is a cross-sectional view showing a valve device provided with a seal 
structure according to a second embodiment of the present invention; 

Fig. 5 is a cross-sectional view showing a valve device provided with a seal 
structure according to a third embodiment of the present invention; 

Fig. 6 is a cross-sectional view showing a valve device provided with a seal 
structure according to a fourth embodiment of the present invention; 

Fig. 7 is a cross-sectional view showing a gas tank device provided with a seal 
structure according to a fifth embodiment of the present invention; 

Fig. 8 is a cross-sectional view showing a valve device provided with a seal 
structure according to a sixth embodiment of the present invention; 

Fig. 9 is a cross-sectional view showing a valve device provided with a seal 
structure according to a seventh embodiment of the present invention; 

Fig. 10 is a cross-sectional view showing a valve device provided with a seal 
structure according to an eighth embodiment of the present invention; 

Fig. 11. is a cross-sectional view showing a valve device provided with a seal 
structure according to a ninth embodiment of the present invention; 

Fig. 12 is a cross-sectional view showing a gas tank device provided with a seal 
structure according to a tenth embodiment of the present invention; 
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Fig, 13 is a cross-sectional view showing a valve device provided with a seal 
structure according to an eleventh embodiment of the present invention; 

Fig. 14 is a cross-sectional view showing a valve device provided with a seal 
structure according to a twelfth embodiment of the present invention; 

Fig. 15 is a cross-sectional vjew showing a valve device provided with a seal 
structure according to a thirteenth embodiment of the present invention; 

Fig. 16 is a cross-sectional view showing a valve device provided with a seal 
structure according to a fourteenth embodiment of the present invention; and 

Fig. 17 is a cross-sectional view showing a valve device provided with a seal 
structure according to a fifteenth embodiment of the present invention. 

[Best Mode for Carrying Out the Invention] 

Fig. 1 is a cross-sectional view of a gas seal structure I according to a first 
embodiment of the present invention, showing a state in which a space 5 on a 
higher-pressure side is in a high-pressure condition. Fig. 2 is a cross -sectional view of 
the gas seal structure 1, showing a state in which the higher-pressure side space 5 is in a 
low-pressure condition. Fig. 3 is a cross-sectional view showing a valve device 20 
provided with the gas seal structure 1 (hereinafter also referred to as a seal structure). 
The seal structure 1 serves to seal a gap between two opposite seal surfaces 2 and 3 to 
thereby inhibit a gas from leaking from a higher-pressure side space 5 into a 
lower-pressure side space 6 through a gap 4 formed between the seal surfaces 2 and 3. 
The seal surfaces 2 and 3 are surfaces of two members 7 and 8 disposed opposite to each 
other. So, the gap 4 is formed between the two opposite members 7 and 8. As used 
herein, the term "higher-pressure side" refers to a higher-pressure side and the term 
"lower-pressure side" refers to a lower-pressure side with respect to the seal structure 1. 
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In this embodiment, the member (one member) 7 has an inner surface region of a 
substantially cylindrical shape, and the member (opposite member) 8 has an outer surface 
region of a substantially cylindrical shape. Therefore, the seal surfaces 2 and 3 are an 
inner peripheral surface of the member 7 and an outer peripheral surface of the member 8, 
respectively, and are substantially cylindrical. 

The seal structure 1 is suitable for use with a device configured such that a 
pressure variation including a rapid pressure drop occurs in a gas pressure PH in the 
higher-pressure side space 5 in a large variation range between a high pressure and a low 
pressure. Also, the seal structure 1 is suitable for use with a device configured such that 
a gas such as a hydrogen gas and a helium gas, which have small molecular weight and 
high permeability with respect to rubber members are introduced to the higher-pressure 
side space 5. Thus, the seal structure 1 is particularly suitably used to inhibit leakage of 
the gas with pressure variation and high permeability. 

The blistering phenomenon that bas been described in connection with the 
background art typically occurs when the pressure of a surrounding region of a rubber 
member rapidly decreases from a pressure higher than a blistering occurrence limit 
pressure Pbc to a pressure of the blistering occurrence limit pressure Pbc or lower, for 
example, a pressure near an atmospheric pressure. TTie blistering phenomenon docs not 
occur if the pressure of the surrounding region rapidly decreases from the pressure of the 
blistering occurrence limit pressure Pbc or lower. In the present, invention, the term 
"high pressure" means a pressure higher than the blistering occurrence limit pressure, 
and the term "low pressure" means a pressure of the blistering occurrence limit pressure 
or lower, for example, the atmospheric pressure and a pressure near the atmospheric 
pressure. 

The blistering phenomenon does not occur if a decreasing speed is low even 
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when the pressure of the surrounding gas decreases from a high pressure to a low 
pressure. In the present invention, the term "rapid decrease of the pressure" means a 
pressure decrease occurring at a speed that is not less than a decreasing speed at which 
the blistering phenomenon occurs. IHe blistering phenomenon does not occur if a 
pressure variation difference is small even when the pressure of the surrounding gas 
decreases from the high pressure to the low pressure. In the present invention, the term 
"large variation range" means a variation pressure difference or more between a 
maximum pressure and a minimum pressure, at which the blistering phenomenon occurs. 
The blistering occurrence limit pressure Pbc is determined by a structure of the 
corresponding rubber member. 

The seal structure 1 includes a seal member 10 which is a main seal means, a 
sub-seal member 11 which is a sub-seal means, and a pressure variation reducing means 
12. The main seal member 10 is a rubber seal means made of natural rubber or 
synthetic rubber and is disposed between the two opposite seal surfaces 2 and 3. The 
sub-seal member 11 is a resin seal means including fluorine based resin such as 
polytetrafluoioethylene (PTFE) or synthetic resin such as polyamide resin (nylon). The 
sub-seal member 11 is disposed between the seal surfaces 2 and 3 and positioned closer 
to the higher-pressure side space 5 than the main seal member 10- The pressure 
variation reducing means 12 includes a variation reducing space 13 formed between the 
main seal member 10 and the sub-seal member 11 and is connected to a gap 4 between 
the seal surfaces 2 and 3. 

The main seal member 10 is an annular seal member and is formed of, for 
example, an O-ring. This O-ring is an O-ring according to, for example, JIS B 2401, or 
a commercially available O-ring. At least one of the members 7 and 8 is provided with 
a concave portion on a surface region thereof to form a main seal member holding space 
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19 continuous with the gap 4. The main seal member 10 is fitted into the main seal 
member holding space 19 to as to elastically contact the members 7 and 8. In this 
embodiment, the member 8 is provided with the concave portion to form the main seal 
member holding space 19. 

The sub-seal member 11 is an annular seal member constructed in such a manner 
that two protruding sealing lips 14 and 15 extend in a circumferential direction thereof, 
and a concave groove 16 is formed between the sealing lips 14 and 15 to extend in the 
circumferential direction. The sub-seal member 11 is able to be deformed in such a 
manner that the scaling lips 14 and 15 move closer to and away from each other. In this 
embodiment, the sub-seal member 11 has a U-shaped cross-section which is formed by 
sectioning the sub-seal member 11 in the direction perpendicular to the circumferential 
direction. 

At least one of the members 7 and 8 may be provided with a concave portion on 
the surface region thereof to form a sub-seal member holding space 17 continuous with 
the gap 4. The sub-seal member 11 is fitted into the sub-seal member holding space 17 
in such a manner that the sealing lip 14 is in contact with the member 7 and the sealing 
lip 15 is in contact with the member 8. The sub-seal member 11 is disposed such that 
the concave groove 16 opens toward the higher-pressure side space 5. In this 
embodiment, the members 7 and 8 are provided with concave portions to form the 
sub-seal member holding space 17. 

The variation reducing space 13 of the pressure variation reducing means 12 is 
formed by the concave portion formed on at least one of the surfaces of the members 7 
and 8. Therefore, the pressure variation reducing means 12 includes a part of at least 
one of the members 7 and 8 that faces the concave portion which is the variation 
reducing space 13. The pressure variation reducing means 12 is formed so that a 
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volume of the variation reducing space 13 is larger than a volume of the gap 4 formed 
between the seal members 10 and 11. 

The seal structure 1 described above is provided in a valve device 20. For 
easier understanding, in the valve device 20, the same reference numerals as those of the 
seal structure 1 denotes the same or corresponding components. The valve device 20 is 
a hand-operated openable valve provided in a passage through which a gas flows. The 
valve device 20 includes a housing 7, a valve plug 21, an operating member 8, and a 
bonnet member 22. The housing 7, which is one member of the seal structure 1, is 
provided with a valve passage 24. A valve space 5, which is the higher-pressure side 
space in the seal structure 1, is formed at a position of the valve passage 24. An 
operating member space 25 is formed at a position of the valve passage 24 to be 
connected to the valve space 5 and to open to the outside. Hie operating member space 
25 is a higher-pressure side space of the seal structure 1. 

The valve plug 21 is threadedly engaged with the housing 7 so as to be fitted 
into the valve space 5. The valve plug 21 is rotatable around a predetermined reference 
axis Lto be displaced in a direction along the reference axis L (hereinafter referred to as 
an axial direction) to cause the valve passage 24 to open and close. The operating 
member 8 is fitted into the operating member space 25 so as to extend coaxially with the 
valve plug 21. The bonnet member 22 threadedly engaged with the housing 7 serves to 
inhibit the operating member 8 from being taken out from the valve device 20. The 
operating member 8 is configured not to be displaced in the axial direction but to be 
rotatable around the reference axis L. As used herein, the term u rotation" include an 
angular displacement of 360 degrees or less. 

The valve plug 21 and the operating member 8 are coupled to each other in such 
a manner that a coupling structure in which a coupling protrusion 28 having a 
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polygon-column shaped outer peripheral surface and formed on the operating member 8 
is fitted into a coupling concave portion 27 having a polygon-tubular inner peripheral 
surface and formed on the valve ptug 21 allows the valve plug 21 and the operating 
member 8 to be displaced relative to each other in the axial direction and to inhibit them 
from rotating relative to each other around the reference axis L. The operating member 
8 is provided with an engagement portion 30 into which an operator brings a tool into 
engagement with the engagement portion 30 through an insertion hole 31 formed on the 
bonnet member 22. The operator rotates the operating member 8, causing the valve 
plug 21 to rotate to be displaced in the axial direction. Thereby, the valve passage 24 
open and close. 

The valve device 20 is used for cases in which a gas with a pressure varying in a 
large pressure range between a high pressure and a low pressure is introduced into the 
valve space 5 and a pressure variation including a rapid pressure decrease may occur in 
the valve space 5. For the valve device 20 for such uses, the seal structure 1 is provided 
for the gap 4 formed between the housing 7 and the operating member 8 in order to 
inhibit leakage of the gas from the valve space 5 into an outside space 6 of the valve 
device 20 which is the lower-pressure side space. The outside space 6 opens to 
atmosphere, and in a low-pressure condition. 

In accordance with this embodiment, the main seal member 10 made of rubber is 
able to seal the gap 4 regardless of whether the pressure PH of the gas in the valve space 
5 is in a high-pressure condition or in a Jow-prcssure condition. This makes it possible 
to achieve a high seal ability to inhibit leakage of the gas from the valve space 5 to the 
outside space 6. 

At a region that is closer to the higher-pressure side space 5 than the main seal 
member 10, the sub-seal member 11 made of resin is disposed. The sub-seal member 
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11 is disposed such that the concave groove 16 opens toward the higher-pressure side 
space 5. The sub-seal member 11 is unable to close the gap 4 under the condition in 
which the pressure on the side where the concave groove 16 of the sub-seal member 11 is 
located is not higher than a pressure on the opposite side of the concave groove 16, i.e., 
the pressure of the gas on the higher-pressure side is not higher than the pressure on the 
lower-pressure side. Therefore, in the low-pressure condition, the sub-seal member 11 
is unable to close the gap 4. However, the sub-seal member 11 is able to close the gap 4 
under the condition in which the pressure on the side where the concave groove 16 is 
located is higher than the pressure on the opposite side of the concave groove 16, i.e., the 
pressure of the gas on the higher-pressure side is higher than the pressure on the 
lower-pressure side, because the sealing lips 14 and 15 arc pushed to be away from each 
otheT by the gas pressure so as to contact the seal surfaces 2 and 3. Therefore, in the 
high-pressure condition, the sub-seal member 11 is able to close the gap 4, 

The pressure in the outside space 6 and the pressure in the variation reducing 
space 33 of the pressure variation reducing means 12 arc introduced to the main seam 
member 10. These pressures become the pressure of the gas surrounding the main seam 
member 30. tf these pressures are set not to be higher than the blistering occurrence 
limit pressure Pbc of the main seal member 10 which is the rubber member, or set not to 
rapidly decrease, then occurrence of the blistering phenomenon of the main seal member 
10 is inhibited. The prcssme of the gas in the outside space 6 is an atmospheric 
pressure Patm, a low pressure, and a substantially constant pressure. Therefore, if the 
pressure in the variation reducing space 13 is set not to be higher than the blistering 
occurrence limit pressure Pbc or set not to rapidly decrease, then occurrence of the 
blistering phenomenon is inhibited. 

In this embodiment, in the high-pressure condition in which the pressure PH of 
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the gas in the valve space 5 is higher than the blistering occurrence limit pressure Pbc, 
the sub-seal member 11 closes the gap 4 to inhibit the pressure of the variation reducing 
space 13 from becoming the high pressure. In contrast, in the low-pressure condition in 
which the pressure PH of the gas in the valve space 5 is not higher than the blistering 
occurrence limit pressure Pbc, the pressure in the variation reducing space 13 does not 
become the high pressure, although the sub-seal member 11 does not close the gap 4. 
Thus, it is possible to inhibit the pressure in the variation reducing space 13 from 
becoming a pressure higher than the blistering occurrence limit pressure Pbc, and to 
inhibit occurrence of the blistering phenomenon in the main seal member 10. Since the 
gas pressure in the variation reducing space 13 is controlled to be low, even a highly 
permeable gas is difficult to permeate the main seal member 10. As a result, a higher 
sea) ability is obtained. 

The pressure variation reducing means 12 enables the sub-seal member 11 to 
surely inhibit occurrence of the blistering phenomenon in the main seal member 10. 
The sub-seal member 11 is made of resin and is therefore lower in flexibility than rubber 
seal members. Because of its low seal ability, the sub-seal member 11 may cause slight 
leakage of the gas. Even when such gas leakage occurs, such a gas is introduced to the 
variation reducing space 13 of the pressure variation reducing means 12 formed between 
the main seal member 10 and the sub-seal member 11. In this way, it is possible to 
suppress an increase in the pressure of the gas surrounding the main seal member 10 
which may be caused by leakage of the gas. Thus, the high pressure is not directly 
applied to the main seal member 10 but the lowered pressure is applied to the main seal 
member 10. As should be appreciated, the pressure variation reducing means 12 is able 
to surely inhibit occurrence of the blistering phenomenon in the main seal member 10. 

The pressure variation reducing means 12 will be described in more detail. If 
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the variation reducing space 13 is able to surely reduce the pressure of the gas that leaks 
after the sub-seal member 11 closes the gap 4 in the variation reducing space 13, then 
occurrence of the blistering phenomenon in the main seal member 10 is surely inhibited. 
Therefore, it is desired that the variation reducing space 13 have a volume that is not less 
than a blistering inhibiting volume Vo that is able to reduce the pressure of the gas in the 
variation reducing space 13 so that the pressure of the gas does not increase up to the 
pressure higher than the blistering occurrence limit pressure Pbc. If the following 
formula (1) is satisfied, then occurrence of the blistering phenomenon in the main seal 
member 10 is surely inhibited. 

Patrn X (Vo + k XQ XT) ^ Pbc X Vo ... (1) 
Vo [cm 3 ] is the blistering inhibiting volume which is a minimum volume that is 
able to inhibit occurrence of the blistering phenomenon in the main seal member 10. 
Patm [Mpa abs.] (absolute pressure) is an atmospheric pressure (O.lMpa abs.). As 
described above, Pbc [Mpa abs.] (absolute pressure) js the blistering occurrence limit 
pressure of the main seal member 10, and is an upper limit pressure at which the 
blistering phenomenon does not occur regardless of the pressure variation, k X Q 
[Ncm 3 /hrl is a leakage amount of the gas that flows through the sub-Seal member 11. k 
is a pressure coefficient determined by the pressure PH of the gas in the valve space 5. 
Therefore, the leakage amount of the gas (k X Q) j s determined by the pressure PH of 
the gas in the valve space 5. T(hr) is a pressure application time for which the pressure 
PH of the gas in the valve space 5 is applied to the sub-seal member 11. 
The formula (1) may be converted into a formula (2): 
Vo & (Patm X k XQ XT) /(Pbc - Patm) ... (2) 
By providing the pressure variation reducing means 12 with the variation 
reducing space 13 having the volume that is not less than the blistering inhibiting volume 
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Vo represented by the formula (2), it is possible to surely inhibit occurrence of the 
blistering phenomenon in the main seal member 10. Since the pressure in the outside 
space 6 is an atmospheric pressure Patm, the blistering inhibiting volume Vo is 
represented using the atmospheric pressure Patm as described above. When the 
pressure in the outside space 6 is not the atmospheric pressure Patm, the blistering 
inhibiting volume Vo is found by replacing Patm by the pressure in the outside space 6 in 
the formulae (1) and (2). 

In this manner, the seal structure 1 is able to control the pressure of the gas 
surrounding the main seal member 10 to a low pressure. In addition, even when the 
sub-seal member 11 does not seal the gas completely and thereby the gas leaks in a little 
amount, the pressure variation reducing means 12 is able to control the pressure of the 
gas surrounding the main seal member 10 to the low pressure in the seal structure 1. 
Thus, the pressure of the gas surrounding the main seal member 10 is controlled to a low 
pressure and so as not to rapidly change, regardless of the variation in the pressure of the 
higher-pressure side gas. This makes it possible to inhibit occurrence of the blistering 
phenomenon in the main seal means when the pressure of the gas varies on the 
higher-pressure side varies. 

]f the pressure of the gas on the higher-pressure side which is the gas in the 
valve space 5 varies in a large variation range between a high pressure and a low pressure, 
it is possible to inhibit occurrence of the blistering phenomenon in the main seal member 
10. Thereby, the seal stmcture 1 is able to maintain a high seal ability and is suitably 
used to inhibit leakage of the gas, the pressure of which varies greatly and becomes a 
high pressure. Furthermore, the seal structure 1 is achieved by a simple construction 
including the main seal member 1.0, the sub-seal member 11, and the pressure variation 
reducing means 12. 
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Fig. 4 is a cross-sectional view showing a valve device 20A provided with a seal 
structure 1 A of a second embodiment of the present invention. The seal structure J A of 
the second embodiment is similar to the seal structure 1 of the first embodiment In the 
seal structure 1A, the same reference numerals as those of the seal structure 1 denote the 
same or corresponding parts, and therefore only different components will be described. 
The seal structure 1A of the second embodiment includes the seal structure 1 and a 
back-up ring 35. The back-up ring 35 is fitted into the main seal member holding space 
19 and is disposed at a region closer to the lower-pressure side space 6 than the main seal 
member 10. The seal structure 1A of the second embodiment is able to achieve the 
effects as in the seal structure 1 of the first embodiment. Furthermore, the back-up ring 
35 is able to inhibit the main seal member 10 from protruding into a region of the gap 4 
located closer to the lower-pressure side space 6 than the main seal member holding 
space 19. 

Fig. 5 is a cross-sectional view showing a valve device 20B provided with a seal 
structure IB of a third embodiment of the present invention. The seat structure IB of 
the third embodiment is similar to the seal structure 1 of the first embodiment. In the 
seal structure IB, the same reference numerals as those of the seal structure 1 denote the 
same or corresponding parts, and therefore only different components will be described. 
The seal structure IB of the third embodiment includes the seal structure 1 of the first 
embodiment and an auxiliary seal member 36 which is an auxiliary seal means. The 
auxiliary seal member 36 is disposed between the seal surfaces 2 and 3 and is located at a 
region closer to the lower-pressure side space 6 than the main seal member 10. 

At least one of the members 7 and 8 is provided with a concave portion on a 
surface thereof at a region closer to the lower-pressure side space 6 than the main seal 
member 10. In this embodiment, the member 8 is provided with the concave portion to 
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form an auxiliary seal member holding space 39 continuous with the gap 4. The 
auxiliary seal member 36 is fitted into the auxiliary seal member holding space 39. The 
auxiliary seal member 36 has a structure similar to that of the sub-seal member 11, and is 
disposed such that the concave groove 16 opens toward the higher-pressure side space 5. 
In the auxiliary seal member 36, the same reference numerals as those of the sub-seal 
member 11 denote the same or corresponding parts. The seal structure IB of the third 
embodiment is able to achieve the effects as in the seal structure 1 of the first 
embodiment. Furthermore, the auxiliary seal member 36 is able to enhance sealing 
ability. 

Fig. 6 is a cross-sectional view showing a valve device 20C provided with a seal 
structure 1C according to a fourth embodiment of the present invention. The seal 
structure 1C of the fourth embodiment is similar to the seal structures 1 and IB of the 
first and third embodiments. In the seal structure 1C, the same reference numerals as 
those of the seal structures 1 and IB denote the same or corresponding parts, and 
therefore only different components will be described. The seal structure 1C of the 
fourth embodiment includes the seal structure 1 of the first embodiment and an auxiliary 
seal member 37 which is an auxiliary seal means. The auxiliary seal member 37 is 
disposed at a position corresponding to the auxiliary seal member 36 in the third 
embodiment. The auxiliary seal member 37 has a structure similar to that of the main 
seal member 36. The auxiliary seal member 37 is fitted into the auxiliary seal member 
holding space 39 so as to elastically contact the seal surfaces 2 and 3. The seal structure 
1C of the fourth embodiment is able to achieve the effects as in the seal structure 1 of the 
first embodiment. Furthermore, the auxiliary seal member 37 is able to enhance seal 
ability. 

Fig. 7 is a cross-sectional view showing a gas tank device 20D provided with a 
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seal structure ID of the fifth embodiment of the present invention. The seal structure 
ID of the fifth embodiment is similar to the seal structure lAof the second embodiment. 
In the seal structure ID, the same reference numerals as those of the seal structure 1A 
denotes the same or corresponding parts, and therefore orjy different components will be 
described. White the seal structure 1A of the second embodiment is provided in the 
valve device 20A, the seal structure ID of the fifth embodiment is provided in the gas 
tank device 20D that stores a gas. The gas tank device 20D includes a tank body 7 and 
a cap member 8 tbreadedly engaged with an opening formed on the tank body 7. The 
fifth seal structure ID is provided for the gap 4 between the tank body 7 and the cap 
member 8, and serves to inhibit leakage of the gas from the space 5 in the interior of the 
tank body 7 into the space 6 outside the tank body 7. 

In the fifth embodiment, the tank body 7 is one member, and its surface is one 
seal surface 2. The cap member 8 is an opposite member, and its surface is an opposite 
seal surface 3. The space 5 in the interior of the tank body 7 is the higher-pressure side 
space, and the space 6 outside the tank body 7 is the lower-pressure side space. The 
seal structure ID of the fifth embodiment is able to inhibit leakage of the gas from the 
space 5 in the interior of the tank body 7 to the space 6 outside the tank body 7, as in the 
seal structure 1A of the second embodiment. 

Fig. 8 is a cross-sectional view showing a valve device 20E provided with a seal 
structure IE of a sixth embodiment of the present invention. The seal structure IE of 
the sixth embodiment is similar to the seal structure 1 of the first embodiment. In the 
seal structure IE, the same reference numerals as those of the seal structure 1 denote the 
same or corresponding parts, and therefore only different components will be described. 
While the sub-seal member 11 of the seal structure 1 of the first embodiment is disposed 
such that the concave groove 16 opens toward the higher-pressure side space 5, the 
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sub-seal member H of the sixth embodiment is disposed such that the concave groove 16 
opens toward the lower-pressure side space 6. The sub-seal member 11 has a structure 
similar to that of the seal structure 1 of the first embodiment. 

In the sixth embodiment, the main seal member 10 is able to achieve seal as in 
the first embodiment. The sub-seal member 11 located closer to the higher-pressure 
side space 5 than the main seal member 10 is disposed such that the concave groove 16 
opens toward the lower-pressure side space 6. The sub-seal member 11 is unable to 
close the gap 4 under the condition in which the pressure on the side where the concave 
groove 16 is located is not higher than the pressure on the opposite side of the concave 
groove 16, i.e., the pressure of the gas on the lower-pressure side is not higher than the 
pressure on the higher-pressure side. Therefore, in the above mentioned high-pressure 
condition, the sub-seal member 11 is unable to close the gap 4. However, the sub-seal 
member 11 is able to close the gap 4 under the condition in which the pressure on the 
side where the concave groove 16 is located is higher than the pressure on the opposite 
side of the concave groove 16, i.e., the pressure of the gas on the lower-pressure side is 
higher than the pressure on the higher-pressure side, because the sealing lips 14 and 15 
arc pushed to be away from each other by the gas pressure so as to contact the seal 
surfaces 2 and 3. Therefore, in the low-pressure condition, the sub-seal member 11 is 
able to close the gap 4. 

According to the sixth embodiment, under the high-pressure condition in which 
the pressure PH of the gas in the valve space 5 is higher than the blistering occurrence 
limit pressure Pbc, the sub-seal member 11 is unable to close the gap 4, whereas under 
the low-pressure condition, the sub-seal member 11 is able to close the gap 4. 
Therefore, even when the pressure PH in the valve space 5 rapidly decreases from the 
high pressure to the low pressure, it is possible to inhibit the gas existing between the 
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main seal member 10 and the sun-seal member 11 from flowing into the valve space 5 
and to inhibit the pressure in the variation reducing space 13 from rapidly decreasing. 
Thus, the pressure in the variation reducing space 13 decreases slowly or does not 
decrease. Thus, even when the pressure in the variation reducing space 13 becomes 
higher than the blistering occurrence limit pressure Pbc, it is possible to inhibit rapid 
decrease in the pressure and to thus inhibit occurrence of the blistering phenomenon in 
the main seal member 10. 

In the sixth embodiment configured as described above, the pressure variation 
reducing means 12 is able to cause the sub-seal member 11 to surely inhibit occurrence 
of the blistering phenomenon in the main seal member 10. Since the sub-seal member 
11 is made of Tesin and is therefore lower in flexibility than rubber seal members, its 
responsiveness is slow. So, the sub-seal member 11 may sometimes fail to be deformed 
fully in response to the pressure variation in the valve space 5. Regardless of such a 
response delay, the pressure variation reducing means 12 formed between the main seal 
member 10 and the sub-seal member 11 is able to cause the gas in the pressure reducing 
space 13 to flow into the valve space 5, thus suppressing decrease in the pressure of the 
gas surrounding the main seal member 10. As a result, it is possible to inhibit rapid 
decrease in the pressure of the gas surrounding the main seal member 10 and to surely 
inhibit occurrence of the blistering phenomenon in the main seal member 10. 

The volume of the variation reducing space 13 that is able to surely inhibit the 
occurrence of the blistering phenomenon in the main seal member 10 with the sub-seal 
member 11 disposed such that the concave groove 16 opens toward the lower-pressure 
side space 6, will not be described in detail. Obviously, provision of the pressure 
variation reducing means 12 enables occurrence of the blistering phenomenon in the 
main seal member 10 to be inhibited, hot addition, the inventors confirmed that, by 
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forming the variation reducing space 13 of the blistering inhibiting volume Vo found in 
the formula (2), the occurrence of the blistering phenomenon jn the main seal member 10 
can be inhibited in the structure in which the sub-seal member 11 is disposed such that 
the concave groove 16 opens toward the lower-pressure side space 6. 

Thus, the seal structure IE is able to inhibit occurrence of the blistering 
phenomenon in the main seal member 10 when the pressure of the gas on the 
higher-pressure side which is the gas in the valve space 5 varies in a large variation range 
between a high pressure and a low pressure, in the structure in which the sub-seal 
member 11 is disposed such that the concave groove 16 opens toward the lower-pressure 
side space 6, Thereby, the seal structure IE is able to maintain a high seal ability and is 
suitably used to inhibit leakage of the gas, the pressure of which varies greatly and 
becomes a high pressure. Furthermore, the seal structure IE is achieved by a simple 
construction including the main seal member 10, the sub-seai member 11, and the 
pressure variation reducing means 12. 

Fig. 9 is a cross-sectional view showing a valve device 20F provided with a seal 
structure IF according to a seventh embodiment of the present invention. The seal 
structure IF of the seventh embodiment is similar to the seal structures 1, 1A and IE of 
the first, second and smh embodiments. In the seal structure IF of the seventh 
embodiment, the same reference numerals as those of the seal structures 1, 1A, and IE 
denote the same or corresponding parts, and therefore only different components will be 
described. The seal structure IF of the seventh embodiment includes the seal structure 
IE of the sixth embodiment and the back-up ring 35 of the second embodiment. The 
seal structure IF of the seventh embodiment is able to achieve the effects as in the seal 
structure IF of the seventh embodiment. Furthermore, the back-up ring 35 is able to 
suitably inhibit the main sea) member 10 from protruding into a region 40 of the gap 4. 
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Fig. 10 is a cross-sectional view showing a valve device 20G provided with a 
seal structure lO of an eighth embodiment of the present invention. The seal structure 
1G of the eighth embodiment is similar to the seal structures 1, I B, and JJE of the first, 
third and sixth embodiments. In the seal structure lGc, the same reference numerals as 
those of the seal structures 1, IB, and IE denote the same or corresponding parts, and 
therefore only different components will be described. The seal structure 1G of the 
eighth embodiment includes the seal structure IE of the sixth embodiment and the 
auxiliary seal member 36 of the third embodiment. The seal structure 1G of the eighth 
embodiment is able to achieve the effects as in the seal structure IE of the sixth 
embodiment. Furthem>OTe, the auxiliary seal member 36 is able to enhance the seal 
ability. 

Fig. 11 is a CTOSS-sectional view showing a valve device 20H provided with a 
seal structure 1H of a ninth embodiment of the present invention. The seal structure 1H 
of the ninth embodiment is similar to the seal structures 1, 1C, and IE of the first, fourth 
and sixth embodiments. In the seal structure 1H 7 the same reference numerals as those 
of the seal structures 1, 1C, and IE denote the same or corresponding parts, and therefore 
only different components will be described. The seal structure 1H of the ninth 
embodiment includes the seal structure IE of the sixth embodiment and the auxiliary seal 
member 37 of the fourth embodiment. The seal structure 1H of the ninth embodiment is 
able to achieve the effects as in the seal structure IE of the sixth embodiment. 
Furthermore, the auxiliary seal member 37 is able to enhance the seal ability. 

Fig. 12 is a cross-sectional view showing a gas tank device 201 provided with a 
seal structure II of a tenth embodiment of the present invention. The seal structure II 
of the tenth embodiment is similar to the seal structures 1, ID, and IE of the first, fifth 
and sixth embodiments. In the seal structure II of the tenth embodiment, the same 
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reference numerals as those of the seal structures 1, ID, and IE denote the same or 
corresponding parts, and therefore only different components wiJl be described. While 
the seal structure IE of the sixth embodiment is provided in the valve device 20E, the 
seal structure II of Ihc tenth embodiment is provided in the gas tank device 201 which is 
similar to the gas tank device 20D of the fifth embodiment The seal structure II of the 
tenth embodiment is able to inhibit leakage of the gas from the space 5 in the interior of 
the tank body 5 into the space 6 outside the tank body 7, as in the seal structure IE of the 
sixth embodiment. 

Fig. 13 is a cross-sectional view showing a valve device 20J provided with a seal 
structure 1J of an eleventh embodiment of the present invention. The seal structure 1J 
of the eleventh embodiment is similar to the seal structure 1 of the first embodiment. In 
the seal structure 1J, the same reference numerals as those of the seal structure 1 denote 
the same or corresponding parts, and therefore only different components will be 
described. The seal structure 1 J of the eleventh embodiment is provided with a plurality 
of sub-seal members 11. At least one of the sub-seal members 11 is disposed such that 
the concave groove 16 opens toward the higher-pressure side space 5. The remaining 
sub-seal member 11 is disposed such that the concave groove 16 opens toward the 
lower-pressure side space 6. In this embodiment, two sub seal members 11 are provided. 
One sub-seal member 11 is disposed on the higher-pressure side such that the concave 
groove 16 opens the higher-pressure side space 5, and the other sub seal member 11 is 
disposed on the lower-pressure side such that the concave groove 16 opens the 
lower-pressure side space 6. 

In the seal structure 1 J in which the plurality of sub-seal members 11 are 
provided to include the two sub-seal members 11 with the concave grooves 16 adapted to 
open in opposite directions, the sub-seal member 11 is disposed such that the concave 
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groove 16 opens toward the higher-pressure side space 5. Therefore, the seal structure 
1J is able to achieve the effects as in the seal structure 1 of the first embodiment. In 
addition* since the sub-seal member 1.1 is disposed such that the concave groove 16 
opens toward the lower-pressure side space 6, the seal structure 1 J is able to achieve the 
effects as in the seal structure IE of the sixth embodiment. This makes it possible to 
surely inhibit the occurrence of the blistering phenomenon in the main seal member 10 
which may be caused by the variation in the pressure of the gas in the valve space 5. 

Fig. 14 is a cross-sectional view showing a valve device 20K provided with a 
seal structure IK of a twelfth embodiment of the present invention. The seal structure 
IK of the twelfth embodiment is similar to the seal structure 1 J of the eleventh 
embodiment. In the seal structure IK, the same reference numerals as those of the seal 
structure 1 J denote the same or corresponding parts, and therefore only different 
components will be described. In the seal structure IK of the twelfth embodiment, the 
one sub-seal member (one sub-seal member) II is disposed on the higher-pressure side 
such that the concave groove 16 opens toward the lower-pressure side space 6, and the 
other sub-seal member (opposite sub-seal member) 11 is disposed on the lower-pressure 
side such that the concave groove 16 opens toward the higher-pressure side space 5, 
The seal structure IK of the twelfth embodiment is able to achieve the effects as in the 
seal structure 1 J of the eleventh embodiment. 

Fig. 15 is a cross-sectional view showing a valve device 20L provided with a 
seal structure ILof a thirteenth embodiment of the present invention. The seal structure 
ILof the thirteenth embodiment is similar to the seal structure 1A of the second 
embodiment. In the seal structure 1L of the thirteenth embodiment, the same reference 
numerals as those of the seal structure 1 A denote the same or corresponding parts, and 
therefore only different components will be described. In the seal structure 1A of the 
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second embodiment, the operating member 8 which is the opposite member is provided 
on the surface thereof with the concave portion with a rectangular cross-section to form 
the variation reducing space 13, while in the seal structure lLof the thirteenth 
embodiment, the housing 7 which is the one member is provided on the surface thereof 
with a concave portion with a trapezoid CTOSS-section to form the variation reducing 
space 13. Since the variation reducing space 13 thus structured is able to achieve the 
similar effects, the seal structure lLof the thirteenth embodiment is able to achieve the 
effects as in the seal structure lAof the second embodiment. 

Fig. 16 is a cross -sectional view showing a valve device 20M provided with a 
seal structure 1M of a fourteenth embodiment of the present invention. The seal 
structure 1M of the fourteenth embodiment is similar to the seal structures 1A and lLof 
the second and thirteenth embodiments. In the seal structure 1M of the fourteenth 
embodiment, the same reference numerals as those of the seal structures 1A and lLof the 
second and thirteenth embodiments denote the same or corresponding parts, and 
therefore only different components will be described. The seal structure 1M of the 
fourteenth embodiment includes the concave portion formed on the operating member 8 
in the seal structure lAof the second embodiment, and the concave portion formed on 
the housing 7 in the seal structure J L of the thirteenth embodiment. These concave 
portions form the variation reducing space 13. Since the variation reducing space 13 is 
able to achieve the similar effects, the seal structure lLof the thirteenth embodiment is 
able to achieve the effects as in the seal structure 1A of the second embodiment. 

Fig. 17 is a cross-sectional view showing a valve device 20N provided with a 
seal structure IN of a fifteenth embodiment of the present invention. The seal structure 
IN of the fifteenth embodiment is similar to the seal structure 1A of the second 
embodiment. In the seal structure IN of the fifteenth embodiment, the same reference 
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numerals as those of the seal structure lAof the second embodiment denote the same or 
corresponding parts, and therefore only different components will be described. In the 
seal structure 1 A of the second embodiment, the operating member 8 which is the 
opposite member is provided on the surface thereof with the concave portion with a 
rectangular cross-section to form the variation reducing space 13, while in the seal 
structure IN of the fifteenth embodiment, a space is formed in the interior of the housing 
7 which is the one member and a small passage that opens on the surface thereof is 
formed to be connected to the space, thus forming the variation reducing space 13. 
Since the variation reducing space 13 thus formed is able to achieve the similar effects, 
the seal structure IN of the fifteenth embodiment is able to achieve the effects as in the 
seal structure 1 A of the second embodiment. In the seal structure IN including the 
passage, the surface regions of the members 7 and 8, which is required to form the 
variation reducing space 13 can be made small, and a distance between the main seal 
member 10 and the sub-seal member 11 can be reduced. 

The above mentioned embodiments are merely exemplary, and constructions 
thereof may be modified within a scope of the present invention. For example, the seal 
surfaces 2 and 3 may be of a flat shape or of other curved shape. The seal surfaces 2 
and 3 may be adapted to be slidable rather than rotatable, or otherwise may be adapted 
not to rotate relative to each other as in the fifth embodiment. The range of the pressure 
variation and the type of the gas arc not intended to those illustrated above. The above 
mentioned seal structures may be provided in devices other than the valve devices and 
the gas tank devices. The two members provided with the seal structures aTe not 
particularly limited. 

The sub-seal member is required to have a concave groove, desirably, two sealing 
lips that sandwiches the concave groove. The shape of the concave groove is not 
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intended to be limited to a U-shape, but may be a C-shape, a Y-shape, or a V-shape. 
Furthermore, a seal ability may be increased to hold springs adapted to apply a spring 
force in the direction to cause the sealing lips to become away from each other. 

[Industrial Applicability] 

In accordance with the present invention, it is possible to inhibit occurrence of a 
blistering phenomenon in a main seal means even when a pressure of a gas on a 
higher-pressure side varies in a laTge variation range between a high pressure and a low 
pressure, and to thereby maintain a high seal ability. Therefore, the seal structure of the 
present invention is suitably used to inhibit leakage of the gas, the pressure of which 
varies greatly and becomes a high pressure. 



